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PREFACE 

The  investigation  eovernl  l>v  this  report  was  conducted  l»v  the  Petroleum  and  Environmental 
Technology  Division.  Logistics  Support  Lahoratorv.  U.S.  Armv  Bel  voir  Research  and  Develop¬ 
ment  Outer  under  Project  1L162720D048.  The  effort  (Work  Unit  W-31.  WBS  No. 
PI 47.0 1.02.  Sulfide  Precipitation  of  Electroplating  Wastes)  was  funded  by  the  U.S.  Armv  Tox¬ 
ic  and  Hazardous  Material  Agencv  (USATHAMA).  Lead  Laboratory  for  the  DARCOM  1)0-48 
Environmental  (Quality  Program. 

The  investigation  was  conducted  by  the  following  Bel  voir  Research  and  Development  Center 
personnel: 

Mr.  Maurice  Pressman.  Project  Officer. 

Ms.  Cail  Chesler.  P.E..  Environmental  Engineer. 

Ms.  Janet  Hall.  Chemist. 

Ms.  Elizabeth  Radoski.  Chemist. 

The  cooperation  of  Dr.  Mary  Daly.  Environmental  Engineer,  and  the  metal-finishing 
wastewater  treatment  plant  operators  at  the  Tohvhanna  Army  Depot  is  acknowledged.  They 
furnished  the  wastewater  and  sludge  samples  for  analysis  and  provided  detailed  system 
operating  and  chemical  cost  data. 

The  cooperation  of  Mr.  John  Resta.  Army  Environmental  Hygiene  Agency  ( AEH A),  in  sup¬ 
plying  information  on  the  \ El  1 A  survey  and  the  results  of  the  sludge  leachate  analyses  is 
acknowledged.  ■ 
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PILOT  PLANT  DEMONSTRATION  OF  A  SULFIDE  PRECIPITATION  PROCESS 
FOR  METAL-FINISHING  WASTEWATER  TREATMENT 


I.  INTRODUCTION 

1.  Subject.  This  report  describes  a  program  designed  to  evaluate  the  effectiveness  of  a 
metal-finishing  wastewater  treatment  process  based  on  the  removal  of  heavy  metals  as  metal 
sulfides  by  the  addition  of  a  soluble  sulfide  to  the  wastewater.  The  effectiveness  of  the  process 
was  demonstrated  through  the  operation  of  a  pilot  demonstration  system  designed  to  treat 
18,000  gal/d  of  toxic  metal-bearing  wastewater.  The  system  was  installed  and  operated  at  the 
Tobyhanna  Army  Depot  (TOAD),  Tobyhanna,  Pennsylvania,  where  extensive  electroplating 
and  other  metal-finishing  operations  are  carried  out  for  the  Army. 

2.  Background.  In  September  1980,  a  contract  was  awarded  by  MERADCOM  (now 
Belvoir  R&D  Center)  to  JRB  Associates,  McLean,  Virginia,  to  design,  fabricate,  install,  and 
start  an  electroplating  wastewater  treatment  system  at  TOAD.  The  plant  had  to  be  designed  to 
treat  a  daily  flow  of  18,000  gal  of  wastewater  during  an  8-h  period.  The  wastewater  would 
contain  a  number  of  commonly  used  complexing  chemicals,  such  as  phosphates,  tartrates, 
EDTA  and  cyanide  and  one  or  more  of  the  following  metals:  copper,  nickel,  chromium,  zinc, 
lead,  cadmium,  tin,  aluminum,  and  iron.  Specifications  called  for  the  complete  system  to  con¬ 
tain  equipment  for  cyanide  destruction,  chromium  reduction,  metal  sulfide  precipitation  by 
the  addition  of  a  soluble  sulfide,  and  sludge  dewatering.  The  process  effluent  discharged  to  the 
sanitary  sewer  had  to  meet  proposed  Federal  Environmental  Protection  Agency  (EPA)  pretreat¬ 
ment  standards.  The  sludge  produced  had  to  be  dewatered  to  a  minimum  of  20  percent  solids. 

The  process  and  design  criteria  evolved,  in  part,  from  the  data  developed  in  a  previous 
treatability  study  of  TOAD  plating  shop  rinsewaters  conducted  in  1979.1  2 

II.  INVESTIGATION 

3.  System  Design  Specification.  The  system  had  to  be  designed  to  fit  into  a  space  15  ft 
wide,  13  ft  high,  and  65  ft  long.  It  had  to  treat  a  total  daily  (8-h)  flow  of  approximately  18,000 
gal  of  wastewater  composed  of  about  2,000  gal(d  of  chromium-bearing  wastewater,  4,000  gal/d 
of  cyanide-bearing  wastewater,  and  12,000  gal/d  of  acid/alkali  rinsewater.  Table  1  gives  the 
effluent  standards  which  had  to  be  met.  These  standards  were  the  proposed  EPA  Pretreatment 
Standards  for  Existing  Sources,  published  in  the  Federal  Register ,  1  October  1979.  Table  2 
presents  the  major  design  specifications  of  the  system  which  were  developed  from  the  informa¬ 
tion  produced  in  the  1979  treatability  study  and  preliminary  design  calculations.3 


"Engineering  Analysis  and  Feasibility  Study  for  Treatment  of  Plaling  Shop  Rinsewater*  at  Tobyhanna  Army  Depot.”  prepared  by  Walden 
of  Abeor.  Inr..  Wilmington.  Massachusetts  (31  Oct  79). 


"Design  Criteria  and  Budgetary  Cost  Estimates  for  Treatment  of  Plating  Shop  Rinsewater  at  Toliyhanna  Army  Depot."  prepared  by 
W  alden  Division  of  Abeor.  Inc..  W  ilmington.  Massachusetts  (20  Nov  79). 
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Table  1.  Treatment  Standards 

for  System  Effluent 

Pollutant 

(nift/l) 

Maximum  For 

Any  1  d 

Average  of  Daily 
Values  of  10-d 
Consecutive  Monitoring 
Shall  Not  Exceed: 

Cyanide.  Total 

0.8 

0.23 

Copper 

4.5 

1.8 

Nickel 

4.1 

1.8 

Chromium 

7.0 

2.5 

Zinc 

4.2 

1.8 

Lead 

0.6 

0.3 

Cadmium 

1.2 

0.5 

Tin 

2.5 

1.0 

Aluminum 

1.0 

0.5 

•  4 


J 


•  4 


•  4 


Total  Metal 


10.5 


5.4) 


Tahir  2.  DrMf’ii  Specification^ 


De-den 

Detention 

Keaetor 

Flow 

Time 

Volume 

l  "nit  Proi'cw 

(eal/min) 

(min) 

Ijialt 

( ttlier  ( oiiditioii- 

• 

( 5anide  <  Kidation 

Stare  1 

8.3 

15 

125 

pll  >  1 1.00;  I  >KI*  375  +  25  im 

Stare  II 

8.3 

60 

flit) 

pll  8.0  +  0.2:  OKI’  600+20  un 

• 

( ihromium  Reduction 

L2 

100 

120 

pll  <2.5:  OKI’  275  +  25  m\ 

Neutralization 

37.  5 

12 

150 

pll  8.0 ±0.2 

• 

Sulfide  \ddition 

37.5 

12 

t.50 

pll  8. 0  +  0. 2:  free  Milfide  = 

1  mr/I 

Ferrous  Sulfate  \ddilion 

37.5 

12 

150 

ph  8.0  +  0.2 

• 

Hash  Mi\inr 

37.5 

1.3 

50 

Anionic  Polymer  Dosage  = 

1  to  2  mr/1 

Flocculation 

37.5 

6.0 

260 

N/A 

• 

Laminar  Settlinji 

37.5 

64 

2  t00 

Surfaee  Loadiur  = 

0. 1 5  ral/min/ft2 

INdishinr  Filtration 

37..') 

\/\ 

\/\ 

Filtration  Hate  = 

2.5  ral/min/ft2 

• 

Sluder  Thiekeninr 

8.3 

265 

2200 

Thickened  Solids  <  loaeentrat ion  = 

3  to  10  percent 

Filter  l’re«»  DeHateriii" 

N/\ 

\/\ 

\/\ 

15  ral  eapaeitv/e\ ele 

• 
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4.  System  Configuration.  Based  on  the  design  specifications  given  in  Table  2.  a  con¬ 
tinuous  flow-through  treatment  system  was  designed.  A  flow  diagram  of  this  system  is  shown 
in  Figure  1.  The  system  consists  of  segregated  chromium  wastewater  and  cyanide  wastewater 
collection  systems,  an  acid/alkali  rinsewater  sump;  a  unit  for  the  two-stage  oxidation  of 
cyanide  by  alkaline  chlorination,  a  unit  for  reducing  hexavalent  chromium  by  sodium 
metabisulfite  addition;  a  surge  tank  to  combine  the  three  segregated  wastewater  streams,  a 
4-compartment  section  for  pH  adjustment  followed  by  sulfide,  ferrous  sulfate,  and  anionic 
polymer  additions;  a  flash  mix  tank,  a  flocculation  tank:  a  laminar  plate  clarifier,  a  polishing 
filter,  and  a  clear  well  equipped  with  a  hydrogen  peroxide  feed  system  to  oxidize  any  residual 
sulfide.  A  mud-well  is  provided  for  receiving  the  filter  backwash  water  and  filter  press  filtrate 
for  recycling  through  the  treatment  system.  The  various  items  of  equipment  such  as  pumps, 
level  controls,  mixers,  and  pH  and  oxidation-reduction  potential  (ORP)  measurement  devices 
which  make  up  the  system  are  listed  in  Appendix  C.  Figures  2  through  6  show  a  section  of  the 
treatment  system  before  installation  and  several  components  of  the  system. 

5.  Treatment  Process  Description.  Following  is  a  description  of  the  unit  processes 
and  equipment  comprising  the  system: 

a.  Cyanide  Oxidation.  Rinse  water  from  the  cyanide  (CN)  plating  tanks  flows  to 
the  cyanide  sump.  From  this  sump,  the  rinsewater  is  pumped  to  the  first-stage  tank  of  the 
evanide  oxidation  unit.  Sodium  hyroxide  (NaOH)  is  added  to  raise  the  pH  to  11.  and  sodium 
hypochlorite  (NaOCl)  is  added  to  oxidize  the  cyanide  to  eyanate  (CNO).  The  NaOH  addition  is 
controlled  by  a  pH  controller.  The  NaOCl  addition  is  controlled  by  an  ORP  controller,  to  pro¬ 
duce  a  potential  between  350  niv  and  400  mv.  The  wastewater  then  flows  to  the  second-stage 
tank  where  sulfuric  acid  (H.,SOj)  is  added  to  lower  the  pH  to  8.0  ±  0.2.  and  additional 
N'aOCl  is  added  to  convert  the  CNO  to  carbon  dioxide  and  nitrogen.  The  ORP  in  the  second- 
stage  reaction  is  maintained  between  580  mv  and  620  mv.  The  chemical  equations  for  these 
reactions  are  as  follows: 

NaCN  +  NaOCl  =  NaCNO  +  NaCl  (First  Stage): 

2NaCNO  +  3NaOCL  +  H.,<)  =  2(0,  +  \,  +  2Na()H  +  3NaCl  (Second  Stage). 

b.  Chromium  Reduction.  Rinsewater  from  the  chromium  (Cr)  plating  operations 
flows  to  the  chromium  sump.  From  here,  the  wastewater  is  pumped  to  the  chromium  reduction 
tank  where  H,2SOj  is  added  to  lower  the  pH  to  less  than  2.5.  Sodium  metabisulfite  (Na2S2().)  is 
then  added  to  reduce  the  hexavalent  chromium  (CR(VI))  let  trivalent  chromium  (Cr(Ill)).  The 
ORP  is  maintained  between  250  mv  and  300  mv.  The  additions  of  the  H2SO,  and  Na2S2().  are 
controlled  by  pH  and  ORP  controllers.  It  is  necessary  to  reduce  Cr(VT)  to  C.r(HI)  in  order  to 
make  it  amenable  to  precipitation  as  chromium  hydroxide  (Cr(OH).d  later  in  the  treatment. 
The  following  chemical  equations  show  the  reduction  reaction: 


\a2S.,0.  +  II., ( )  =  2\aHSO,: 

2H2CrO,  +  SNallSO,  +  3H.,So‘=  Or.,|SO,),  4-  3NaHSO,  +  514,0. 


Figure  1.  Flow  diagram  of  TOAD  metal-finishing  wastewater  treatment  system. 


Figure  3.  View  of  portion  of  treatment  system. 


Figure  4.  Section  of  treatment  system,  showing  clearwell. 
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i.  Fitter  press  and  air  compressor. 
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Figure  6.  Control  panel. 
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e.  Flow  Equalization.  The  effluent*  from  the  cyanide  treatment  unit,  and  the 
ehromitim  reduction  unit  are  combined  in  a  surge  tank  with  the  aeid/alkali  rinsewater  pumj>ed 
from  the  aeid/alkali  sump.  The  aeid/alkali  wastewater,  the  largest  volume  of  wastewater  to  l»e 

treated,  is  derived  from  such  operations  as  surface  preparation,  chemical  conversion  coating  *  * 

operations,  anodizing,  and  plating  shop  flour  drains.  Flow  equalization  serves  to  provide  a 
steady,  controlled  flow  of  wastewater  to  the  sulfide  precipitation  process. 

d.  Metal  Precipitation. 

•  < 

(1)  pH  Adjustment.  The  combined  wastewater  is  pumped  from  the  surge  tank  to 
a  neutralization  tank  w'here  the  pH  is  adjusted  to  8.0  ±  0.2.  Control  of  pH  at  this  point  is  very 
important  for  a  number  of  reasons:  (a)  to  prevent  the  generation  of  toxic  hydrogen  sulfide  gas: 

(b)  to  insure  the  optimum  removal  of  chromium  hydroxide,  which  is  amphoteric,  and  (c)  to  pro¬ 
vide  the  proper  pH  for  metal  sulfide  precipitation.  It  should  be  noted  that  chromium  •  < 

precipitates  as  an  hydroxide  and  not  as  a  sulfide. 


•  ( 


•  • 


•  •  • 


•  • 
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(2)  Sodium  Sulfide  Addition.  Following  pi  I  adjustment,  the  wastewater  flows 
to  the  sulfide  addition  tank  where  Na.,S  is  added  to  precipitate  the  heavy  metals,  other  than 
ehrotniiun.  as  metal  sulfides.  The  addition  of  the  \a,S  is  automatically  controlled  by  a  sulfide 
specific  ion  prohe  and  controller  to  provide  an  excess  of  approximately  I  ini'/ 1  of  sulfide  ion. 
The  follow ine  chemical  equation  illustrates  the  reactions: 

\r-  +  \a.,S  =  MS  +  2\a+. 

The  metal  sulfides  so  jirodueed  are  cxlrcmelv  fine  non-sett lealile  colloids  which 
need  to  he  conditioned  bv  further  treatment  to  insure  their  subsequent  removal  by  sedimenta¬ 
tion  and  polishing  filtration. 

(3)  Ferrous  Sulfate  Addition.  Following  the  addition  of  \a,S.  the  wastewater 
flows  to  the  ferrous  sulfate  (FVSO.)  addition  tank.  \  solution  id'  FeSO,  is  added  to  react  with 
the  excess  sulfide  ion  to  form  insoluble  ferrous  sulfide  (FeS).  The  FeSO  also  aids  in  the  ap 
glomeration  of  the  eidloidal  metal  sulfides  bv  formin''  an  iron  hydroxide  floe.  The  ferrous  ion 
can  also  serve  as  a  chromium  reducing  agent  as  well  as  a  catalyst  in  the  reduction  of  hex- 
avalent  chromium  to  trivalent  chromium  liv  the  sulfide  ion.  in  the  event  that  any  unreduced 
chromium  comes  through  the  chromium  reduction  unit.  The  various  parameters  affecting:  these 
reactions  have  been  investigated  recently  in  labortorv  and  pilot-scale  studies  for  the  \ir  Force.* 

|4|  Polymer  Addition.  Following:  the  addition  of  ferrous  sulfate,  the  wastewater 
flows  to  a  flash  mix  tank,  where  an  anionic  polyeleetrolvte  (Kronofloe)  is  added,  \fter  a  I -min 
flash  mix.  the  wastewater  flows  to  a  flocculation  chamber  for  gentle  mixing:.  Here,  the 
suspended  solids  are  agglomerated  into  rcadilv  settleable  floe  particles  for  subsequent  removal 
in  the  laminar  plate  clarifier. 

c.  Solids  Removal. 

(1}  Laminar  Plate  Llarifier.  Following:  flocculation,  the  wastewater  flows  to  a 
laminar  plate  clarifier,  where  the  suspended  floe  settles  onto  a  stack  of  specially  configured, 
inclined,  parallel  plates  and  then  drops  down  to  a  hopper  at  the  base  of  the  clarifier. 

(2)  Polishing  Filter.  The  overflow  from  the  clarifier  passes  throng'll  a  dual¬ 
media  polishing:  filler  for  the  removal  of  anv  residual  suspended  solids  not  removed  in  the 
clarifier.  The  filter  media  is  composed  of  sand  and  anthracite.  The  filter  is  backwashed 
aulomaticallv  with  water  from  the  elearwell.  The  backwash  is  discharged  to  the  mud-well  lor 
•lorage  and  eventual  discharge  back  to  the  flow  equalization  lank  for  recycling  through  the 
treatment  »vslem. 
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(3)  C.learwell.  Hit*  filter  effluent  flows  In  a  cleat  well  where  hydrogen  | >«■  r< ix i< )<-  i- 
added  to  oxidize  any  residual  sulfide.  Tlie  treated  water  then  flows  by  gravity  to  the  sanitary 
sewer. 


f.  Sludge  Handling. 

(I)  Sludge  Thickener.  Sludge  from  the  liottom  of  the  elarifier  i»  |iuui|»ed 
automatically  to  a  sludge  thickener  to  increase  its  solids  content  before  dewatering.  The  decant 
front  the  thickener  is  returned  to  the  mud-well  for  subsequent  [lumping  to  the  equalization 
tank  and  recycling  through  the  treatment  system. 

|2)  Filter  Press.  Sludge  from  the  hottom  of  the  sludge  thickener  is  automatically 
pumped  to  a  filter  press  for  dewatering.  The  filtrate  is  returned  to  the  mud-well  and  then  to  the 
equalization  tank  lor  recycling  through  the  treatment  system.  The  dewatered  sludge  i- 
discharged  to  a  .’l.Vgal  drum  and  disposed  of  as  a  hazardous  waste. 

g.  Safety  Feutures.  V  numher  of  safety  features  are  ineluded  in  the  system  design. 
The  cyanide,  chromium,  and  sulfide  treatment  tanks  are  covered  and  connected  with  a  con¬ 
tinuous  xentiiation  system  to  exhaust  any  toxic  gas  such  as  chlorine,  hydrogen  cyanide,  or 
hydrogen  sulfide  which  could  he  generated  through  abnormal  operation  of  the  treatment 
system.  Process  control  device*  equipped  xxith  alarms  have  been  provided  to  warn  operators  of 
hazardous  conditions  such  as  low  ,dl  in  the  cyanide  tank,  high  or  low  pH  in  the  neutralization 
tank,  and  low  {>11  in  the  sulfide  tank.  Vi  ater  level  controllers  and  alarms  have  been  ineluded. 
Oxygen  masks,  fire-extinguishers,  eye  washer,  and  an  automatic  sprinkler  system  have  also 
been  provided. 

ft.  System  Tests.  Testing  of  the  system  was  conducted  in  three  phases  designated  as 
follows:  Start  up  Te*l».  Army  Knx iroiuncntal  Hygiene  Agency  ( AF.H  A)  Survey,  and  Helvoir 
KvND  ('.enter  Monitoring  Program.  The  start  up  testing  was  conducted  hx  the  contractor  to 
demonstrate  the  system  performance  and  to  train  tin-  operators.  The  AMI  A  survey  was  con¬ 
ducted  as  ^  ater  Duality  Fngineering  Special  Study  No.  32-24-0331-84.  The  Helvoir  Monitor¬ 
ing  Program  was  conducted  to  evaluate  the  system  performance  over  an  extended  period  of 
operation. 

a.  Sturt  up  Tests.  The  terms  of  the  contract  awarded  to  JRIl  Associates.  Inc.,  called 
for  the  operation  of  the  sv-tem  over  a  period  of  10  operating  days  following  installation  to 
demonstrate  compliance  with  the  contract  specifications.  ( ^instruction  of  the  system  was  com¬ 
pleted  in  October  1082.  After  initial  start  up.  sampling  and  analysis  of  the  -v-tem  effluent  be¬ 
ing  discharged  to  the  sanitary  sewer  x»a-  begun  on  0  November  1082.  During  this  performance 
demonstration,  equipment  dc-hngging  and  minor  system  modifications  required  that  the 
-v-tem  be  -but  down  several  times.  These  s|mt  downs  resulted  in  samples  being  taken  over  an 
extended  period  of  lime.  Sampling  and  analysis  were  completed  in  January  1083.  and  a  tc*t 
report  via-  submitted  in  February  1083.’ 
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b.  Army  Environmental  Hygiene  Agency  (AEHA)  Survey.  During  the  period 
30  March  through  6  April  1983.  a  survey  team  from  AEHA,  Aberdeen  Proving  Ground, 
Maryland,  conducted  a  water  quality  engineering  study;  the  purpose  was  “to  evaluate  the 
recently  constructed  metal-finishing  wastewater  pretreatment  plant  (MFWPP)  at  the 
Tobyhanna  Army  Depot.”  Samples  of  the  wastewater  and  sludge  were  taken  at  14  sampling 
points  shown  in  Figure  7.  Samples  of  wastewater  were  analyzed  for  cyanide,  heavy  metals,  oil 
and  grease,  suspended  solids,  sulfide,  pH,  ammonia-nitrogen  and  nitrite/nitrate-nitrogen. 
Samples  of  raw  sludge  and  thickened  sludge  were  analyzed  for  solids  content.  A  sample  of 
dewatered  sludge  was  subjected  to  the  standard  EPA  solid  waste  extraction  procedure  to  deter¬ 
mine  whether  the  sludge  should  be  considered  hazardous  according  to  Resources  Conservation 
and  Recovery  Act  (RCRA)  standards.  The  analytical  methods  used  were  in  accordance  with 
EPA  procedures.*  7 

c.  Belvoir  Monitoring  Program.  During  the  period  between  July  1983  and 
December  1983,  a  number  of  wastewater  and  sludge  samples  were  taken  at  seven  points  in  the 
treatment  process  and  shipped  to  the  Belvoir  R&D  Center  for  analysis.  The  samples  were 
analyzed  for  cyanide,  heavy  metals,  suspended  solids,  oil  and  grease,  and  sludge  solids  con¬ 
tent.  In  addition,  several  samples  of  sludge  from  the  filter  prss  were  subjected  to  the  standard 
EPA  and  Battelle  solid  waste  leaching  procedure8  to  determine  the  toxicity  of  the  sludge. 
Samples  were  taken  of  the  cyanide  treatment  unit  influent  and  effluent,  the  chromium  reduc¬ 
tion  unit  influent  and  effluent,  the  acid/alkali  rinsewater,  surge  tank  effluent,  and  the 
clearwell  water.  Heavy  metals  were  determined  by  flame  atomic  absorption  using  a  Perkin- 
Elmer  Model  503  atomic  Absorption  Spectrophotometer.  Other  analytical  determinations  were 
made  in  accordance  with  procedures  given  in  Standard  Methods.9  The  apparatus  used  in  the 
sludge  leaching  tests  is  shown  in  Figure  8. 

III.  RESULTS 

7.  Test  Data.  The  results  obtained  in  the  start  up  tests  of  the  system  are  given  in  Table  3 
and  Appendix  A.  The  results  obtained  in  the  AEHA  survey  are  given  in  Table  4  and  in  por¬ 
tions  of  Tables  7,  8,  9,  and  11.  The  data  for  samples  dated  30  March  1983  through  30  April 
1983  given  in  Tables  7.  8,  9.  and  11  were  extracted  from  the  AEHA  survey  report.10  The 
results  obtained  in  the  Belvoir  R&D  Center  monitoring  program  are  given  in  Tables  5  through 
16.  Appendix  B.  and  Appendix  D. 

^  “Method*  for  Chemical  Analysis  of  Water  and  Wallen.*'  EPA.  (Mar  79). 

"Tp.iI  \fpthixi*  for  Evaluating  Solid  ITastes.”  EPA  (May  80). 

^  “Solid  Waste  leaching  Pnwedure*.”  Battelle  Odumhu*  l.alniratorie*  (1980). 

9 

“Standard  Method*  for  the  Examination  of  Water  and  Wastewater."  American  Public  Health  Association.  American  Water  Work* 
Association.  Water  Pollution  Control  Federation.  New  York.  15th  edition  (1980). 

^  “Water  (Quality  Engineering  Sperial  Study  No.  32-24-0331-84.  Metal  Finishing  Wastewater  Treatment  Plant  Evaluation."  Tobyhanna 
Army  Depot.  Tobyhanna.  Pennsylvania.  30  Mar  *  0  Apr  83.  prepared  by  l!.S.  Army  Environmental  Hygiene  Agency.  Aberdeen  Proving 
C round.  MI)  21010. 


Figure  8.  Sludge  extraction  apparatus. 
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Table  8.  Hexavalenl  Chromium  Reduction  Data 


Chromium  Reduction  Unit 

Sample  Date 
(1983) 

Influent 

(mg/1  i 

Effluent 

Ur  (VI)) 

Clearwell 

(mg/lCRlV)) 

30  March 

3.12 

<  0.025 

<0.025 

31  March 

1.99 

0.037 

<  0.025 

01  April 

4.59 

0.105 

<  0.025 

04  April 

0.51 

<  0.025 

<0.025 

05  April 

0.81 

<0.025 

<0.025 

12  July 

0.31 

<0.025 

0.04 

19  July 

8.00 

0.38 

<  0.025 

02  August 

0.59 

<0.025 

<0.025 

09  August 

0.28 

<0.025 

<  0.025 

23  August 

2.68 

0.42 

<0.025 

30  August 

0.64 

0.27 

<0.025 

06  Septeinher 

0.38 

0.27 

<0.025 

20  Septeinher 

0.38 

0.28 

<  0.025 

27  Septeinher 

0.85 

<0.025 

<  0.025 

1 8  ( tetoher 

1.0 

<  0.025 

<  0.025 

25  October 

0.40 

<0.025 

<  0.025 

07  November 

0.18 

<  0.025 

<0.025 

15  November 

7.2 

0.26 

<  0.025 

22  November 

0.71 

<0.025 

<0.025 

Table  9.  Clearwell  Kffluent  Suspended  Solids 


Sample  Date 
(1983) 

Suspended  Solids* 

(mg/1) 

30  Mar 

31.0 

31  Mar 

18.0 

01  Apr 

4.0 

04  Apr 

8.0 

05  Apr 

1.0 

22  Jul 

8.8 

09  Aug 

6.0 

23  Aug 

6.4 

30  Aug 

5.“ 

06  Sep 

6.7 

27  Sep 

152.0 

10  ( let 

1.9 

20  ( let 

21.5 

25  (let 

6.9 

11  Nov 

3.3 

22  Nov 

53.0 

06  Dee 

2.0 

13  Dee 

1.5 

Average 

18.8 

*KP\  Limit  =  60  m"/l —  From  "Proposed  Hides.  Best  ('.onventional  Pollution  (Control 
Teehnologv.  Kfflueni  Limitation  (Guidelines.  17  KK  19176.  29  October  1982." 
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Talde  10.  Kfflueni  (HI  and  ( .rea>e 


Sample  Dale 
(1083) 

Oil  and  (irease 
(me/1 ) 

• 

01  \n\ 

22 

08  Nov 

."> 

10  Nov 

0 

• 

15  Nov 

0 

17  Nov 

14 

• 

22  Nov 

12 

20  Nov 

21 

02  Dee 

7 

• 

06  Dee 

8 

08  Dee 

20 

• 

13  Dee 

20 

15  Dee 

16 

20  Dee 

12 

• 

22  Dee 

16 

28  Dee 

10 

20  Dee 

12 

• 

A  verajre 


12.8 


Tahir  11.  Dewatered  Sludge  Solid' 


Sample  Date 
<io«5) 

Sii'pended  Solid' 

( lontrllt  [ri ) 

Oh  Apr 

22.0 

2d  Alt}! 

50.5 

50  Auji 

1 0.5 

00  Sep 

52.2 

20  Sep 

10.1 

27  Sep 

2 1 .5 

25  ( let 

22.0 

07  Nov 

22.5 

22  Nov 

21.1 

15  Dee 

1  1.2 

Average 

22.1 

2d 


Table  12.  Operating  Time.  Wastewater  Flows,  and  Volume  of  Sludge  Generated 


Wastewater  Flow' 


Month 

Operating  Time 

Total 

Rate  (gal/h) 

Dewatered  Sludgi 

( 1 083 1 

<h) 

(gal) 

(Avg) 

(55-gal  Drums) 

February 

180 

279.835 

1555 

3.0 

March 

224 

358.168 

1599 

3.5 

April 

200 

378,1.j6 

1809 

4.5 

May 

220 

371.307 

1688 

3.5 

June 

216 

366.046 

1695 

3.0 

July 

212 

376.410 

1776 

2.5 

August 

268 

471.613 

1760 

4.5 

September 

272 

514.860 

1893 

3.5 

<  tctober 

196 

373.436 

1905 

2.5 

November 

220 

434.246 

1974 

2.0 

December 

231 

417.141 

1806 

2.5 

Total 

2248 

4.341.245 

35.0 

Monthlv 

223 

394.659 

1773 

3.2 

Average 
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Wastewater  Treated  (Gal) 


Month 

(1983) 

Acid/Alkalie 

Cyanide 

Chromium 

Total 

February 

259.980 

0 

19.855 

279.835 

March 

319,630 

0 

.38.565 

358.195 

April 

309.964 

34.342 

33.850 

378.156 

May 

312.012 

33.132 

26.163 

371.307 

June 

322.164 

29.694 

14.188 

366.046 

July 

322.280 

29.810 

24.320 

376.410 

August 

389.753 

42.086 

39.774 

171.613 

September 

414.980 

41.657 

58.223 

51  1.860 

October 

303.716 

31.458 

.38.262 

373. 136 

November 

338,940 

49.607 

45.699 

131.216 

December 

344.596 

30.976 

41.569 

117.141 

Total 

3.638.015 

322.762 

380.468 

1.341.245 

Monthly 

Average 

330.729 

35.862 

34.588 

391.659 

IV.  DISCISSION 


8.  General.  The  process  upon  which  the  TOAD  metal-finishing  wastewater  treatment 
svstem  is  based  is  generally  referred  to  as  sulfide  precipitation.  It  is  one  of  a  number  of  pro¬ 
cesses  available  for  remov  ing  toxic,  heavy  metal*  from  metal-finishing  process  wastewater.  The 
most  widely  used  process  currently  used  for  this  purpose  is  the  hydroxide  process.  This  process 
uses  alkali  such  as  hydrated  lime  (GafOUf,/  or  caustic  soda  ( \u(>H)  to  adjust  the  pH  of  the 
wastewater  to  the  point  where  the  metals  involved  exhibit  their  minimum  solubility.  The 
metals  are  precipitated  as  metal  hydroxides  and  are  removed  after  flocculation,  sedimentation, 
and  filtration  of  anv  solids  carried  over  from  a  sedimentation  basin.  In  the  ease  of  the  sulfide 
process,  the  metals  are  precipitated  by  the  addition  of  a  soluble  sulfide  such  as  sodium  sulfide 
(\a.,S)  or  sodium  bisulfide  (NallS).  or  an  insoluble  sulfide  such  as  ferrous  sulfide  (FeS). 

In  comparin'!  hydroxide  precipitation  with  sulfide  precipitation,  a  number  of  advan¬ 
tages  of  the  sulfide  process  can  be  pointed  out.  Most  heavy  metal  sulfides  have  lower 
solubilities  than  do  corresponding  metal  hydroxides.  In  the  ease  of  metal  hydroxides,  the 
minimum  solubilities  of  different  metals  occur  at  different  pH  values.  Because  of  the  am¬ 
photeric  nature  of  some  metal  hydroxides  where  the  minimum  solubility  is  confined  to  a  nar¬ 
row  pH  ranee,  the  removal  of  metal  from  a  mixed-metal  wastewater  by  hydroxide  precipitation 
is  not  always  satisfactory.  This  can  readily  be  seen  by  reference  to  Figure  9  which  shows  the 
solubilities  of  metal  hydroxides  and  sulfides  as  a  function  of  pH. 

Other  advantages  can  be  cited.  Sulfide  precipitation,  unlike  hydroxide  precipitation,  is 
relativelv  insensitive  to  the  />resetice  of  certain  complcxing  ami  chelatin'!  agents  often  used  in 
metal-finishing  operations.  Another  is  that  hexavalcnl  chromium  can  be  reduced  by  tin'  sulfide 
ion  to  trivalent  chromium  in  the  presence  of  ferrous  ion.  As  noted  under  Treatment  Process 
Description,  paragraph  5.  this  advantage  is  incorporated  in  tin'  TOAD  system  as  a  back  up  to 
insure  that  Gr  |YI|  is  reduced  to  Cr  (III),  if  for  any  reason  the  chromium  reduction  unit  is  per¬ 
forming  abnormally.  ^  it h  regard  to  sludge  produced  in  the  two  processes,  the  metal  sulfide 
sludges  are  more  readily  dewatered  to  a  higher  solids  content,  and  the  volume  ol  sludge 
generated/unit  weight  of  metal  removed  is  markedly  le**  in  the  ease  of  metal  sulfide  sludges. 

The  two  processes  using  sulfide  precipitation  are  generally  referred  to  as  the  “soluble 
sulfide"  process  and  the  "insoluble  sulfide"  process.  The  main  difference  in  tin'  two  processes 
is  the  manner  in  which  the  sulfide  ion  is  added  to  the  wastewater.  In  the  insoluble  sulfide  pro¬ 
cess.  a  slightlv  soluble  ferrous  sulfide  slurry  produced  bv  the  in-situ  reaction  of  ferrous  sulfate 
and  sodium  sulfide  is  added  to  the  wastewater  to  supply  the  sulfide  ion  needed  for  precipita¬ 
tion.  In  the  soluble  sulfide  process,  the  sulfide  ion  is  provided  by  the  addition  of  a  solution  of 
sodium  sulfide  or  sodium  hvdrosulfide. 


In  the  treatability  study  eonducted  in  1979.  a  number  of  advantages  of  the  soluble 
sulfide  process  over  the  insoluble  sulfi<le  process  were  cited.  This  study  was  conducted  with 
svnthetie  metal-bearing  rinsewaters  prepared  with  laboratory-grade  reagents  and  with 
simulated  wastewaters  prepared  bv  mixing  and  diluting  samples  from  the  actual  plating  and 
metal-finishing  baths  in  use  at  TOAD.  The  study  report  indicated  that  although  Na.,S.  \aIIS. 
and  colloidal  FeS  are  all  effective  in  precipitating  heavy  metals,  the  use  of  colloidal  FeS  as  the 
precipitating  agent  has  several  disadvantages.  These  include  higher  operating  costs,  more 
sludge  generation,  greater  operational  complexity,  and  problems  of  control  with  highly 
variable  contaminant  loadings.  The  report  concluded  that  for  an  automatic  system,  the  soluble 
sulfide  process,  using  either  "Sa2S  or  NallS  should  be  designed  for  TOAD.  It  also  recom¬ 
mended  that:  (1)  a  separate  chromium  reduction  step  using  sodium  metabisulfite  be  used:  (2) 
an  anionic  polvelcetrolvte  flocculant  be  used  as  a  floeculant  aid:  (3)  a  polishing  filter  be  used 
following  sedimentation:  (4)  a  filter  press  be  used  for  sludge  dewatering. 

9.  System  Start  up.  A  review  of  the  analytical  data  generated  during  the  10-day  start 
up  of  the  svstem  indicates  that  the  system  was  producing  an  effluent  with  pollutant  concentra¬ 
tions  well  within  design  specifications  in  all  eases  except  aluminum.  This  was  due  to 
unexpected  high  levels  of  aluminum  in  the  influent  to  the  system  combined  with  some  equip¬ 
ment  problems  which  have  since  been  rectified.  It  should  be  noted  that  the  most  recent  Federal 
standards."  in  contrast  to  earlier  standards  proposed  at  the  time  the  TOAD  system  design 
specifications  were  prepared,  no  longer  contain  either  a  tin  or  an  aluminum  standard.  The 
decision  not  to  include  an  aluminum  limit  in  the  latest  standards  was  probably  based  on  the 
fact  that  am  aluminum  in  the  system  effluent  being  discharged  to  the  sanitary  sewer  would  be 
settled  out  as  aluminum  hydroxide  in  the  primary  clarifier  of  the  sewage  treatment  plant  with 
no  adverse  effect.  Therefore,  anv  excursion  of  the  aluminum  concentration  outside  of  the 
original  design  standards  need  not  he  considered  significant. 

10.  Army  Environmental  Hygiene  Agency  (AEHAj  Survey  Findings.  The  essential 
findings  of  this  10-dav  survey  taken  from  the  survey  report  are  as  follows: 

The  MFWPP  is  meeting  its  design  limitations,  with  the  exception  of  the  aluminum 
and  lead  limits.  The  high  lead  level  was  due  to  a  temporary  excursion  that  was  cor¬ 
rected.  The  aluminum  level  was  due  to  poor  solids  removal. 

The  MFWPP  is  complving  with  the  newly  promulgated  Federal  Metal-Finishing 
Categorical  Effluent  I, imitations,  w  ith  the  exception  of  the  lead  anti  pH  limits.  The 
lead  non-compliance  was  due  to  a  temporary  excursion  ami  has  been  corrected.  The 
pll  non-compliance  was  tine  to  overly  concentrated  caustic. 
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A  large  volume  of  metal-finsihing  rinsewater  is.  being  discharged  untreated  to  the 
sanitary  sewer,  because  the  current  rinsewater  flow  exceeds  the  MFH  PP  design 
capacity.  This  untreated  rinsewater  has  caused  the  sewage  treatment  plant  to  exceed 
the  proposed  cadmium  limit  in  its  discharge  permit  and  has  probably  inhibited  the 
STP's  ammonia  removal  and  anaerobic  digestion. 

The  overall  performance  of  the  MFWPP  is  adequate.  There  are.  however,  several 
operation,  maintenance,  and  design  problems  that  are  hindering  the  plant's 
reliability. 

The  operations  and  maintenance  of  the  MFWPP  needs  to  he  improved.  This  is  due 
mainly  to  inadequate  training  and  a  poor  Operations  and  Maintenance  |()&M) 
manual. 

A  number  of  deficiencies  have  been  identified  and  various  corrective  actions 
recommended. 

A  review  of  the  findings  and  the  detailed  analytical  data  presented  in  the  survey  report 
indicated  that  the  treatment  process,  per  se.  was  effectively  accomplishing  cyanide  and  metals 
removal.  The  average  values  of  metal  content  for  the  five  complete  analyses  of  the  plant  ef¬ 
fluent  were  all  within  design  and  Federal  regulatory  requirements,  except  for  aluminum  and 
lead.  It  should  be  noted  that  the  lead  non-compliance  was  observed  in  only  the  first  sample 
taken.  Very  low  levels  of  lead  were  determined  in  the  remainder  of  samples  taken  during  the 
survey.  The  high  aluminum  concentrations  and  pH  values  were  caused  by  the  use  of  an  ex¬ 
ceedingly  high  concentration  of  NaOH  in  the  ,\a()H  solution  fed  to  the  neutralization  tank. 
The  concentration  of  NaOH  has  been  adjusted,  and  a  pH  of  8.0  is  maintained  to  minimize  or 
prevent  the  discharge  of  excessive  amounts  of  aluminum  from  the  system.  The  reason  why  the 
aluminum  values  are  of  little  significance  has  been  discussed  in  System  Start  up.  Paragraph  9. 

With  regard  to  excessive  flow  from  the  plating  shop,  it  should  be  noted  that  rinsewater 
flow  control  devices  were  installed  in  main  of  the  rinse  tanks  before  the  wastewater-treatment 
system  was  installed.  The  maintenance  of  these  devices,  which  are  designed  to  reduce  flows  to 
well  within  MFWPP  design  specifications,  is  the  responsibility  of  the  plating  shop  personnel. 
Proper  operation  and  maintenance  of  these  rinsewater  control  devices  can  markedly  reduce  the 
volume  of  wastewater  generated  to  well  below  the  level  on  which  the  design  of  the  treatment 
system  was  based. 

The  deficiencies  noted  in  the  survey  report  related  to  such  rectifiable  items  as  pipe 
leaks,  a  pump  and  air-operated  valve  malfunction,  an  inoperative  hydrogen  cyanide  gas 
alarm,  and  missing  self-contained  emergency  respirators.  These  deficiencies  arc  being  cor- 


As  part  of  the  survey,  limited  testing  of  sludge  was  earried  out.  A  sample  of  dewatered 
sludge  discharged  from  the  filter  press  contained  23  percent  dry  solids.  Another  dewatered 
sludge  sample  was  subjected  to  the  standard  EPA  leaching  test  to  determine  the  toxicity  of  the 
sludge.  The  leachate  analysis  showed  a  cadmium  content  of  32  mg/1  Cd.  This  value  far  ex¬ 
ceeds  the  permissible  (RCRA)  limit  of  1  mg/l  Gd  for  non-hazardous  sludge  and  indicates  that 
the  sludge  must  he  disposed  of  as  a  hazardous  material  in  a  controlled  landfill. 

The  O&M  of  the  system  has  improved  eonsiderahlv  since  the  AEHA  survey  which  was 
conducted  shortly  after  the  system  was  installed.  The  system  operators  are  alternating  sewage 
plant  operators  who  were  trained  by  the  contractor  during  the  system  start  up.  With  added  ex¬ 
perience.  the  operators  are  now  operating  and  maintaining  the  system  with  ease.  The  O&M 
manual  is  a  standard  commercial  manual  which  contains  the  following  sections:  General 
Description;  Process;  Equipment:  Chemicals:  Operations:  Trouble  Shooting;  and  Manufac¬ 
turers*  Manuals.  The  Manufacturers’  Manuals  section  contains  detailed  installation, 
maintenance,  and  repair  instructions  for  the  system  pumps,  mixers,  flow  gauges,  pressure 
regulators.  pH  and  ORP  meters,  and  controllers,  and  filter  press.  Although  considerable  infor¬ 
mation  on  the  componentry  of  the  system  is  presented,  the  O&M  manual  needs  to  be  improved 
in  the  areas  of  safety,  emergency  operating  procedures,  and  preventive  maintenance. 

ll.Belvoir  Monitoring  Program.  A  review  of  the  results  of  the  analyses  of  the 
processed  wastewater  and  the  sludge  samples  taken  during  July  through  December  1983  in¬ 
dicated  that  the  system  performed  very  well  and  produced  an  effluent  with  pollutant  levels 
well  below  the  maximums  specified  in  the  EPA  Pretreatment  Standards  for  Existing  Sources. 
The  cyanide  destruction  unit,  using  alkaline  chlorination,  effectively  destroyed  the  cyanide. 
The  chromium  reduction  unit,  using  sodium  metabisulfite  and  sulfuric  acid,  effectively 
reduced  the  hexa valent  chromium  to  trivalent  chromium.  In  a  few  eases  when  the  hexavalent 
chromium  concentrations  in  the  feed  water  were  below  1.0  mg/l  anil  reduction  was  not  com¬ 
plete.  subsequent  treatment  with  sodium  sulfide  and  ferrous  sulfide  accomplished  essentially 
complete  reduction.  The  chromium  as  then  removed  as  chromium  hydroxide  to  undetectable 
levels  as  indicated  in  the  analysis  of  water  samples  from  the  clearwell. 

The  low  suspended  solids  found  in  the  clearwell  samples  (except  for  one  sample)  in¬ 
dicated  that  the  flocculant  aid  (Kronofloe)  and  ferrous  sulfate  were  effectively  agglomerating 
the  colloidal  metal  sulfides  so  that  they  could  be  removed  well  in  the  laminar  plate  settler  and 
the  polishing  dual-media  filter. 


The  only  metal  not  removed  from  the  wastewater  to  the  design  specification  level  of  1.0 
mg/1  was  aluminum.  Specifications  for  the  system  design  called  for  an  effluent  with 
characteristics  conforming  to  federal  standards  proposed  in  1979  specifying  a  maximum  con¬ 
centration  of  aluminum  of  1.0  mg/1.  Because  aluminum  in  the  treated  water  discharged  to  the 
sanitary  sewer  will  have  no  adverse  effect  on  the  sewage  plant  operation,  the  recently 
published  federal  regulations  (July  1983)  no  longer  contain  a  standard  for  aluminum.  Nine 
samples  of  acid/alkali  wastewater  were  found  to  contain  aluminum  in  concentrations  ranging 
from  5  mg/1  to  50  mg/1,  with  an  average  of  14  mg/1.  The  concentrations  of  aluminum  found  in 
the  system  effluent  ranged  from  1  mg/1  to  18  mg/1  with  an  average  of  4  mg/1  for  the  12  samples 
analyzed.  Although  these  aluminum  concentrations  in  the  effluent  exceeded  the  design 
specified  value  of  1.0  mg/1,  the  effluent  characteristics  were  in  compliance  with  current  federal 
regulations.  The  high  aluminum  concentrations  in  the  system  effluent  regulations.  The  high 
aluminum  concentrations  in  the  system  effluent  samples  were  probablv  due  to  the  pH  of  the  ef¬ 
fluent  which  was  between  7  and  9.  Aluminum  hydroxide  is  an  amphoteric  compound  with 
minimum  solubility  between  5.5  and  6.  Current  Federal  regulations  specify  a  pH  between  6 
and  9. 

It  should  be  noted  that  no  odor  problem  was  encountered.  Maintaining  the  pH  at  8,  con¬ 
trolling  the  sodium  sulfide  addition  with  a  reliable  sulfide  probe  and  controller,  and  adding 
ferrous  sulfate  prevented  the  generation  of  any  hydrogen  sulfide  odor. 

Sixteen  samples  of  the  system  effluent,  analyzed  for  oil  and  grease  (Table  10)  indicated 
an  average  value  of  12.8  mg/1  for  these  contaminants.  The  federal  standard  is  26.0  mg/1. 

A  summary  of  operating  data  for  the  months  of  February  1983  through  December  198 3 
is  given  in  Tables  12  through  15.  The  total  volume  of  wastewater  treated  during  this  period 
was  4,341,245  gal.  This  volume  consisted  of  322,762  gal  of  cyanide  hearing  water.  380.468 
gal  of  chromium  hearing  water,  and  3,638,015  gal  of  acid/alkali  water.  During  this  monitor¬ 
ing  period,  the  system  was  operated  for  2,248  h  and  produced  thirty-five  55-gal  drums  of 
dewatered  sludge  which  averaged  22.4  percent  in  dry  solids  content.  It  should  he  noted  that  the 
volume  of  sludge  generated  is  small,  amounting  to  44  gal/100.000  gal  of  wastewater  treated. 
This  has  important  implications  regarding  the  cost  of  sludge  disposal  which  is  based  on  the 
volume  of  sludge  handled.  Sludge  disposal  cost  is  an  important  element  in  the  overall  treat¬ 
ment  process  evaluation.  The  low  volume  of  dewatered  sludge  can  be  attributed  to  a  relatively 
low  concentration  of  metals  in  the  system  feedwater,  probably  resulting  from  excessive  use  of* 
rinsewater,  and  the  effective  dewatering  of  sludge  by  the  filter  press. 

The  amounts  of  chemicals  used  during  the  1 1-month  monitoring  period  are  given  in 
Table  14.  Calculations  based  on  the  total  flow  of  wastewater  treated  and  chemicals  used  in 
treatment  indicate  that  chemical  dosages  of  ferrous  sulfate,  sodium  sulfide,  and  polymer  were 
41.3  mg/1,  10.0  mg/1.  and  1.0  mg/I.  respectively.  The  dosage  of  sulfide  ion  was.  accordingly. 
4.1  mg/1. 


The  cost.*  for  chemicals  in  the  Irealinent  process  and  sludge  disposal  are  given  in 
I  able  1  r>  and  Appendix  I).  dusts/ 1000  gal  of  wastewater  treated  each  month  are  shown  in 
figure  10.  The  average  ehemieal  costs  for  the  1  l-month  period  was  $0.89/1000  gal  of 
wastewater  treated,  dost  for  the  disposal  of  the  thirty-five  55-gal  drums  of  sludge  generated 
during  the  1  l-month  period  totaled  $2 100.00  with  an  average  cost/1000  gal  of  wastewater  of 
So.  W.  These  disposal  cost  calculation-  are  based  on  the  cost  of  S60.00/55*gal  drum  currently 
being  paid  by  TOAD.  The  combined  costs  for  chemical  and  sludge  disposal/ 1000  gal  of 
wastewater  treated  during  the  1  l-month  period  ranged  from  $1.07  to  $1.82.  with  an  average  of 
S 1 .58. 


five  samples  of  dewatered  sludges  were  subjected  to  leaching  tests.  Three  of  the  samples 
were  extracted  by  both  the  F.PA  and  Rattcllc  extraction  procedures.  The  other  two  samples 
were  subjected  to  the  Rattcllc  procedure  only.  Roth  procedures  are  essentially  tlu*  same,  except 
lor  pll  of  the  extracting  medium.  The  KPA  procedure  employs  distilled  water  with  pH  ad¬ 
justed  to  5.0.  The  Rattcllc  procedure  uses  distilled  water  without  pll  adjustment.  Analysis  of 
the  leachates  from  all  five  samples  indicated  that  all  metal  concentrations  were  below  detec¬ 
table  limits.  Mercury  was  not  determined  because  of  improper  sample  preservation.  Table  16 
shows  the  results  of  the  sludge  extraction  tests.  It  should  be  noted  that  during  the  AKHA 
Survey,  a  single  sample  of  sludge  subjected  to  the  EP  \  extraction  procedure  yielded  a  leachate 
containing  32  mg/I  cadmium.  All  other  metals  were  within  RCRA  limits.  On  the  basis  of  the 
results  of  this  single  AEH  A  test,  the  sludge  must  be  considered  a  hazardous  material  as  defined 
by  the  RCRA  regulations.  However,  in  view  of  the  residts  obtained  in  the  tests  of  five  sludge 
samples  during  the  Relvoir  monitoring  program,  where  all  metals  were  below  detectable  levels 
i/i  the  lea/  hate,  the  ip/eslion  of  whether  the  sludge  if  or  is  not  hazardous  warrants  further  in¬ 
vestigation. 

12.  Summation.  The  successful  operation  of  the  metal-finishing  wastewater  treatment 
system  at  the  Tohyhanna  Army  Depot  has  provided  a  full-scale  demonstration  of  the  effec¬ 
tiveness  of  a  metal  sulfide  precipitation  process  using  sodium  sulfide.  The  combination  of  unit 
processing  involving  cyanide  destruction,  chromium  reduction.  pH  adjustment,  addition  of 
sodium  sulfide,  ferrous  sulfate,  and  an  anionic  polymer,  followed  bv  soli/'s  separation  lias  con¬ 
sistently  produced  a  treated  effluent  meeting  Federal  Metal-Finishing  Categorical  Effluent 
Limitation-.  Solids  processing  which  included  sedimentation  in  a  laminar  plate  settler,  sludge 
compaction  in  a  gravity  sludge  thickener,  and  sludge  dewatering  in  a  filter  press  produced  a 
dewatered  sludge  with  an  average  of  22. 1  percent  drv  solids  content. 


Figure  10.  Chemical  and  sludge  disposal  costs. 


The  Tobyhanna  Army  Depot  is  the  first  Army  installation  engaged  in  metal-finishing 
using  this  sodium  sulfide  treatment  process.  In  a  recent  survey11  of  23  Army  installations  per¬ 
forming  metal-finishing  conducted  by  the  U.S.  Army  Mobility  Equipment  Research  and 
Development  Command  (now  Belvoir  R&D  Center),  it  was  determined  that  many  of  these  in¬ 
stallations  use  hydroxide  precipitation.  It  is  possible  that  some  of  these  installations  may  be  ex¬ 
periencing  difficulties  in  meeting  the  recently  promulgated  federal  or  state  pretreatment 
standards.  If  so,  these  installations  could  possibly  upgrade  their  treatment  systems  with 
minimal  cost  by  converting  their  hydroxide  process  to  a  sulfide  process  similar  to  the  one  used 
at  the  Tobyhanna  Army  Depot.  This  could  be  accomplished  with  minor  changes  in  their  ex¬ 
isting  equipment  to  provide  for  the  addition  of  sodium  sulfide,  ferrous  sulfate,  and  an  anionic 
polymer,  if  such  a  polymer  is  not  already  being  used.  A  survey  of  Army  installations  engaged 
in  metal-finishing  operations  appears  advisable  to  determine  how  the  technology  demonstrated 
at  the  Tobyhanna  Army  Depot  could  be  used  to  upgrade  treatment  systems  needing  improve¬ 
ment. 


V.  CONCLUSIONS 

13.  Conclusions.  Based  on  the  results  obtained  in  this  investigation  the  following  conclu¬ 
sions  are  drawn: 

a.  The  metal-finishing  wastewater  treatment  system  installed  at  the  Tobyhanna  Army 
Depot  using  cyanide  destruction  by  alkaline  chlorination,  chromium  reduction  with  sodium 
metabisulfite,  and  metal  sulfide  precipitation  by  sodium  sulfide  addition  is  an  effectiv pro¬ 
cess  for  the  treatment  of  metal-finishing  wastewaters. 

b.  The  sulfide  treatment  system  can  produce  an  effluent  complying  with  federal  stan¬ 
dards  defined  in  “Final  rules.  Electroplating  and  Metal-Finishing  Point  Source  Categories;  Ef¬ 
fluent  Limitations  Guidelines,  Pretreatment  Standards  and  New  Source  Performance  Stan¬ 
dards,”  Federal  Register  (FR)  32462,  15  July  1983.” 

c.  The  metal  sulfide  sludge  produced  by  the  sulfide  treatment  system  can  be  dewatered 
to  32  percent  dry  solids  content.  The  average  value  determined  was  24.4  percent. 

d.  The  dewatered  sludge  produced  at  TOAD  is  minimal,  amounting  to  44  gal/ 100,000 
gal  of  wastewater  treated. 

e.  The  sludge  generated  by  the  sulfide  treatment  process  must  be  disposed  of  as  hazar¬ 
dous  material  as  defined  in  the  Resources  Conservation  and  Recovery  Act  (RCRA)  regulations. 

f.  Costs  for  chemicals  and  sludge  disposal  add  up  to  a  combined  cost  of  $1.38/1000  gal 
of  TOAD  metal-finishing  wastewater  treated.  Chemical  costs  averaged  $0.89/1000  gal.  and 
sludge  disposal  costs  averaged  $0.49/1000  gal. 
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SYSTEM  STARTUP-ANALYTICAL  DATA 


pH  (units)  EFF.  7-8 _ 6-9 _ 5-6 _ 5-6  8-9 _ 8-9 _ 8-9  8-9  8  NJD.  N.D. 

•Samples  taken  but  not  analyzed  due  to  equipment  problems. 

**N.D.  -  Not  determined. 


APPENDIX  B 

Belvoir  Monitoring  Program— Analytical  Results 


=  (In  l  nit  Effluent 
=  (!r  t  nit  Effluent 
=  Arid/ Alkali  Wastewater 
=  Surge  Tank  Effluent 
I  =  ( Jearwell  Water 
N.l).  =  Not  Determined. 


APPENDIX  B  (cont'd) 

Belvoir  Monitoring  Program— Analytical  Results 
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APPENDIX  C 


PROCESS  EQUIPMENT 


Component 

Description 

Number 

Pumps 

(1)  Sump  Area 

Cyanide  rinse 

Serfilco  H-2xl  1/2  CE, 

CE  3V  (MlxMl)  D3 

1 

Chromate  rinse 

Serfilco  H-2xl  1/2  CE, 

CE  3V  (MlxMl)  D3 

1 

General  rinse 

Serfilco  H-2xl  1/2  CE, 

CE  3V  (MlxMl)  D3 

1 

Surge  tank 

Serfilco  HB1  1/2 
CE-5-CRL-48-90-H 1  1/2 

1 

(2)  Chemieal 

Sodium  hydroxide  1 

Marsch  TES-MD 

1 

Sodium  hydroxide  II 

Liquiflo  32FS6333J 
with  Reliance  V4-hp 

Minpak  DC  motor 

1 

Sulfuric  acid  I 

Marsch-TE  5-MD 

1 

Sulfuric  acid  II 

Marsch-TE  5-MD 

1 

Sodium  metahisulfite 

Marsch-TE  5-MD 

1 

Sodium  hypochlorite 

Marsch-TE  5-MD 

1 

S>dium  sulfide 

Marsch-TE  5-MD 

1 

Sodium  sulfate 

Marsch-TE  5-MD 

1 

Ferrous  sulfate 

Marsch-TE  5-MD 

1 

Polvelectrolyte  II 

Liquiflo  32FS6333J 
with  Zeromax  drive 

1 

APPENDIX  C  (rout'd) 
PROCESS  EQUIPMENT 


Component 

a.  Pumps  (ront'il) 

(3)  Sludge 

Clarifier  to  thickener 

Thickener  to  filter  pri  *SS 

(4)  Eilter  backwash 

b.  Elow  Timers 
r.  Level  Controls 

(1)  Coneentrated  chemical 


(2)  Chemical-low  level 
reagent 

(3)  Cheniieals-low.  low  level 
reagent 


d.  Mixers 

ill  Chemical  reagents  (polv- 
rlrctrolytr.  ferrous 
sulfate,  sodium  sulfide, 
sodium  metahisulfite) 

(2)  Reaction  tanks 

(  a anide  oxidation  I  II 
( diromium  reduction. 
Neutralization 


De§eription 


Number 


Wilden  M4  WO  I 

NENEN  E-air  operated 

Wilden  M4  WO  1 

NENEN  E-air  operated 

Pacific — 15  hp  1 

Signet  Model  309  4 

B+W  Type  I.  Control  2 

+2  probes 

B+W  Type  2L  7 

B+W  Type  2R  7 


Lightuin  4 

NC  4.  V\  hp.  3.6-in. 
prop.  4-ft  shaft 

Lightuin  LA.  4 

Li  hp.  9. 4-in.  prop. 

4-ft  shaft 


APPENDIX  C  (rout'd) 
PROCESS  EQUIPMENT 


e.  pH  and  ORP  Measurement  System  (Leeds  &  Northrup): 

(1)  Cyanide  oxidation: 

pH  meter— Model  7773-10-2-22-2-000  (glass  pH  electrode) 

ORP  meter—  Model  7773-10-2-24-1-000  (golf!  ORP  electrode) 

(2)  Chromium  reduction: 

pH  meter— Model  7773-10-2-22-2-000  (glass  pH  electrode) 

(3)  Neutralization: 

pH  meter— Model  7773-10-2-00-2-000  with  1 1 790  pH  electrode.  1 

special  reference  electrode  for  sulfide  addition. 

Sulfide  prohe— Model  1 17408  1 


«I»V 


APPENDIX  D 
CHEMICAL  COSTS 


Chemical 

Form  Received 

Unit 

Sodium  Metabisulfite 

Solid 

lb 

Sodium  Hydroxide 

50  percent  solution 

gal 

Sodium  Hypochlorite 

Solution  —  12.5  percent  Cl2 

gal 

Sulfuric  Acid 

66°  Be-liquid 

gal 

Ferrous  Sulfate 

Solid 

lb 

Sodium  Sulfide 

Solid,  61  percent  flake 

lb 

Polvmer  (Kronofloc) 

Liquid 

Hydrogen  Peroxide 

35  percent  solution 

gal 
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